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KLF  EFFECTIVE  N01S1  MEASUREMENTS  TAKEN  IN  CONNECTICUT  DURING  1976 

INTRODUCTION 

Under  most  operating  conditions  in  the  extremely  low  frequency  (ELF)  band, 
atmospheric  noise  is  the  limiting  factor  in  receiver  performance.  The  dominant 
source  of  atmospher ic  noise  is  attributed  to  radiation  induced  by  lightning. 
Because  of  the  low  attenuation  rate  of  ELF  radio  waves,  which  makes  long  range 
communications  possible  in  this  band,  noise  characteristics  are  affected  not 
only  by  local  thunderstorms  but  also  by  storms  megameters  away.  Local  thun- 
derstorms tend  to  produce  large  spikes,  while  distant  storms  produce  a back- 
ground noise  with  occasional  spikes. 

Because  of  the  wide  variation  in  world-wide  thunderstorm  activity,  one 
would  expect  the  characteristics  of  ELF  atmospheric  noise  to  vary  considerably 
in  different  parts  of  the  world.  However,  world-wide  measurements  indicate  a 
similar  "spikiness"  in  all  the  observed  data.  Even  in  relatively  "quiet" 
parts  of  the  world,  spikes  attributed  to  individual  lightning  flashes  are 
evident,  making  the  noise  process  distinctly  non-Gaussian . 1 

The  non-Gaussian  nature  of  the  atmospheric  noise  has  an  important  efiect 
on  receiver  design  and  on  system  performance.  With  Gaussian  noise,  the  optimum 
receiver  is  a linear  processor  whose  performance  can  be  determined  by  measuring 
the  atmospheric  noise  spectra.  However,  with  non-Gaussian  noise,  the  perform- 
ance with  a linear  processor  can  be  much  worse  than  is  suggested  by  the  noise 
spectra.  Furthermore,  with  an  appropriate  (nonlinear)  processor,  the  perform- 
ance can  be  much  better  than  in  Gaussian  noise  of  the  same  spectral  level.1 

To  optimize  a communications  receiver  for  operation  in  a non-Gaussian 
noise  environment,  it  is  advisable  to  place  a controlled  nonlinearity  in  the 
receiver  at  a stage  of  wide  signal-plus-noise  bandwidth,  to  remove  the  high 
amplitude  spikes.  Evans  and  Griffiths1  conducted  experiments  with  recorded 
ELF  noise  in  an  attempt  to  design  and  evaluate  operationally  feasible  approxi- 
mations to  the  optimum  nonlinearity.  They  concluded  that  a simple  clipper, 
adjusted  adaptively  to  clip  between  10  and  40  percent  of  the  time,  provides 
near  optimum  performance. 

By  comparing  the  1 percent  exceedance  level  (i.e.,  the  amplitude  exceeded 
by  fewer  than  1 percent  of  the  samples)  atmospheric  noise  data  from  periods 
when  local  thunderstorms  were  known  to  be  absent  with  these  taken  when  thunder- 
storms were  present,  Ginsberg2  suggested  that  a 10  dB  improvement  in  signal 
to  noise  ratio  (SNR)  could  be  attained  by  employing  the  nonlinear  noise  pro- 
cessing schemes  proposed  by  Evans  and  Griffiths.1 

Recent  effective  noise  measurements* *  have  been  made  in  Norway,  Greece, 
and  Saipan. 3 ***  These  measurements  indicated  that  at  least  a 10  dB  improve- 
ment could  be  obtained  by  employing  nonlinear  noise  processing  techniques. 


*The  effective  noise  spectrum  level,  N f,  is  defined  as  the  spectrum 

level  of  ELF  noise  at  the  signal  f requency  ,*  N0 , divided  by  t lie  improvement, 

in  SNR,  using  nonlinear  processing. 1 
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In  this  report,  we  will  discuss  the  results  of  76  Hz  effective  noise 
measurements  taken  in  Connecticut  during  the  summer  and  fall  cf  1976, 


76  Hz  CONNECTICUT  EFFECTIVE  NOISE  MEASUREMENTS 


For  the  Connecticut  measurements,  the  SEAFARER*  ELF  receiver  (AN/BSR-1) 
is  located  at  NUSC,  New  London,  Connecticut.  The  loop  receiving  antenna  is 
located  at  Fishers  Island,  New  York  (about  6.2  miles  (10  km)  from  New  London). 
The  receiver  and  receiving  antenna  are  connected  via  a microwave  link  from 
Fishers  Island  to  NUSC/NL.  The  receiving  antenna  is  located  approximately 
170  ft  (50  m)  from  a NUSC  building  at  Fishers  Island,  which  houses  the  ELF 
preamplifier  and  associated  circuitry. 


Daily  76  Hz  field  strength  and  effective  noise  measurements  have  been 
taken  in  Connecticut  (via  the  Fishers  Island  microwave  link)  since  August 
1976.  The  main  purpose  of  these  measurements  is  to  further  investigate  sun- 
rise, daytime,  sunset,  nighttime,  and  seasonal  ELF  propagation  variations.  A 
secondary  purpose  is  to  establish  a midlatitude  effective  noise  data  base. 

The  results  of  the  76  Hz  effective  noise  measurements  will  be  discussed  here; 
the  field  strength  measurement  results  will  be  discussed  in  a separate  report. 
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tive  noise  levels  versus  Greenwich  Mean  Time  (GMT) ; the  individual  daily  30 
minute  samples  are  listed  in  table  1.  Altogether,  16  days  of  data  were 
obtained.  The  average  diurnal  variation  was  6 dB  (-130  to  -136  dBH'*'),  with 
the  minimum  occurring  around  local  sunrise  and  the  maximum  occurring  1 to  2 
hours  before  local  sunset. 


Plotted  in  figure  2 are  the  76  Hz  average  effective  noise  levels  for 
the  four  highest  Neff  days  in  August  (13-15  and  26  August)  versus  GMT. 

Note  that  the  minimum  values  were  about  the  same  as  the  monthly  average, 
whereas  the  maximum  values  were  approximately  5 dB  higher  than  the  monthly 
average  (see  figure  1). 

The  76  Hz  effective  noise  levels  measured  during  15-16  July  versus  GMT 
are  plotted  in  figure  3.  Here  we  see  that  the  diurnal  variation  is  - 17  dB, 
which  is  the  second  largest  diurnal  variation  measured  to  date  in  Connecticut! 
The  peak  level  ( -124  dBH)  was  about  the  same  as  was  measured  during  the  four 
highest  days  in  August  (figure  2);  the  minimum  level  ( -141  dBH)  was  5 dB 
lower  than  the  average  August  minimum  level  (figure  1)  and  also  lower  than  any 
30  minute  sample  measured  during  the  whole  16  days  in  August  (see  table  1)  . 


*SEAFARF.R  (formerly  called  SANGUINE)  is  an  arbitrary  designation  applied 
to  ongoing  ELF  research  by  the  U.S.  Navy.  The  term  designates  work  directed 
toward  the  implementation  of  an  ELF  shore-to-ship  radio  communication  system. 

dBH  = dB  relative  to  1 A/m  • ^Hz. 
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Table  1.  August  1976  Connecticut  76  Hz  Effective  Noise  Levels  (dBII) 
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The  76  Hz  average  effective  noise  levels  measured  September  versus  GMT 
aie  presented  in  figure  4,  and  the  individual  dally  30  minute  samples  are 
listed  in  table  2.  A] together,  22  days  of  data  were  obtained.  The  average 
diurnal  variation  was  5 dB  (—135  to  -140  dBH) , with  the  minimum  occurring 
around  local  sunrise  and  the  maximum  occurring  1 to  2 hours  before  local 
sunset.  Note  that  the  maximum  average  levels  measured  during  September  were 
approximately  the  same  as  the  minimum  average  levels  measured  in  August  (see 
figure  1). 

Plotted  in  figure  5 are  the  76  hz  effective  noise  levels  measured  during 
26  September  versus  GM1 . Here  we  see  that  the  diurnal  variation  is  of  the 
order  of  13  dB,  with  variations  from  -131  dBH  (the  highest  level  measured  in 
September)  to  -144  dBH  (the  lowest  level  measured  in  September). 


The  76  Hz  average  effective  noise  levels  measured  during  October  versus 
GT'T  are  presented  in  figure  6,  and  the  individual  30  minute  samples  are  listed 
in  table  3.  Altogether,  28  days  of  data  were  obtained.  The  average  diurnal 
variation  was  5 dF»  (-136  to  -141  dBH)  . Again  the  minimum  and  maximum 
occurred,  respectively,  around  local  sunrise  and  just  before  local  sunset. 

Note  that  the  October  N'eff  levels  were  very  similar  to  those  measured  during 
September  (figure  4). 


Figure  7 presents  the  76  Hz  effective  noise 
a. 1/.  m.-  a.:.,™-!  vsrttHm  = .-.f 

O - - - - - - • . ~ 

atior.s  from  -132  to  -142  dBH. 


levels  measured 

i. -v-  r ip. 


versus  GMT 
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The  76  Hz  effective  noise  levels  measured  during  9-10  October  versus  GMT 
are  presented  in  figure  8.  It  should  be  noted  that  there  were  severe  thun- 
derstorm warnings,  as  well  as  a tornado  watch  for  the  local  area  during  that 
time.  The  effective  noise  measured  from  0000  to  1200  GMT  was  very  near  the 
monthly  average.  However,  from  1200  to  1900,  the  effective  noise  increased 
20  dB!  The  diurnal  variation  was  23  dB  (-118  to  -141  dBH),  which  is  the 
largest  diurnal  variation  measured  to  date  at  any  receiving  location.’  The 
peal  level  (-118  dBH)  was  7 dB  higher  than  that  measured  during  the  four 
highest  Nepf  days  in  August  (see  figure  2).  Perhaps  the  abnormally  high 
levels  measured  from  1600  to  2100  are  related  to  tornado  activity. 


1 lotted  in  figure  9 are  the  76  Hz  average  effective  noise  levels 
measured  during  November  versus  CMT;  the  individual  30  minute  samples  are 
listed  in  table  4.  Altogether  22  days  of  data  were  obtained.  The  average 
diurnal  variation  was  only  3 dB  (-138  to  -141  dBH),  which  is  2 to  3 dB  less 
than  that  measured  during  August,  September,  and  October.  However,  the  maxi- 
mum and  minimum  levels  occurred  at  the  same  time  as  in  previous  months  (i.e., 
around  local  sunrise  and  sunset). 


The  76  Hz  average  effective  noise  levels  measured  during  the  fall  of 
1976  (i.e.,  September,  October,  and  November)  versus  GMT  are  plotted  in  figure 
10.  Eacli  data  point  is  the  average  of  74  days  worth  of  measurements.  The 
average  diurnal  variation  is  approximately  5 dB  (-136  to  -141  dBH),  with  the 
minimum  levels  occurring  around  local  sunrise  and  the  maximum  levels  occurring 
1 tc  2 hours  before  local  sunset. 

it  should  be  notedthat  from  late  November  to  mid  January , a faulty  heater  motor 
bearing  (located  in  the  NUSC  building  at  Fishers  Island,  which  houses  the  ELF 
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-135. 3 
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— 
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-132.5 
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— 
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— 

-135.3 
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— 
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-133.9 
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- 
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-138.6 
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- 
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-137.1 
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- 

♦1.4 

0**  )1 

-140.4 

-191.9 
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- 
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-139.9 
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- 
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- 
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-139.9 
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- 

. 

• 
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-139.4 
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-139. 3 
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- 
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-190.9 
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- ; 36 . 
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- 

. 
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-139.6 
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-138.3 
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- 

91 . 7 
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-139.9 
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- 
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-139.3 
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-139.3 

-191.3 
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- 
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-139.5 
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- 

41.8 
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-139.9 
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-147. 1 
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-139.4 

->3.7 

- 
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-191.1 
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- 

>. 
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- 

u . 

i j ; ■ 
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1 

10/1 

10/2 

10/3 

10/5 

10/6 

10/8 
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G 
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-139.3 
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-136.9 
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-138.6 
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_ 
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17 
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- • . • 
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-138.9 
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-138.6 
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_ 

• . 

1. 
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-137.9 
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-139. 3 

-133.0 

-n>..9 

-1  37.8 

-137.5 
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-137.6 
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-141.3 

- 

.4.3 .7 

13 

1330 

-137.7 

-1.38.8 

-137.7 



-139.0 

-190.1 

-139. ; 

-136.6 

-138.9 

-137.0 

-138.6 

-140.5 

_ 

*1.3 

13 

lu00 

-137.1 

-138.5 

-190.1 



-137.9 

-139.6 

-135.0 

-136.7 

-137.9 

-138.6 

-137.1 

-137.5 

-138.6 

-139.4 

_ 

14 

i430 

-135.9 

-138.6 

-190.9 



-137.8 

-139.0 

-136.1 

-139.8 

- 37.0 

-136.9 

-136.3 

-137.6 

-139.9 

-140.9 

- 

14 

1500 

-137.1 

-137.5 

-139.1 



7 

-135. 3 

-139.1 

-13*  .9 

-136. S 

-138. 3 

-136,6 

-137.7 

-138.5 

-140.8 

- 

.40.0 

1£ 

1530 

-136.8 

-137.7 

-139.6 



1 I 

-137.9 

-131.1 

-135.8 

-136.1 

-136.7 

-1 36.9 

-136.0 

-137.5 

-140.9 

-139.6 

15 
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-136.0 

-137.8 



-139. 5 

-136.8 

-131.7 

-135.1 

-137.6 

-139.0 

-136.1 

-1 36.4 

-138.0 

-140.6 

- 

139.8 

16 

1630 

-135.9 

-138.2 

-139.7 

-136.5 

-136.8 

-128.6 

-136.3 

-13S.6 

-139.0 

-135.5 

-135.6 

-138.4 

-138.7 

- 

140.0 

16 

1700 

-135.3 

-137.5 

-138.7 



-136.5 

-136.2 

-126.6 

-1  3-  .6 

-136.8 

-133.5 

-139.2 

-1  39.2 

-138. b 

-139.3 

- 

139.9 

11 

1730 

-139.7 

-137.1 

-138.5 

3b.  1 

-136.7 

-135.8 

-123.6 

-136. 1 

-136.4 

-133.6 

-133.9 

-135. 3 

-1  37. 

-138.3 

- 

139.6 

1 1 

1800 

-139.1 

-137.7 

-138.8 

-135.2 

-136.3 

-136.5 

-122.2 

-135.7 

-136.2 

-133.8 

-133.0 

-135.6 

-136.7 

-139.1 

- 

140.3 

1! 

183 

-133, 

-137.6 

-138.5 

-135.1 

-135.9 

-135.7 

-120.0 

-138.7 

-137.0 

-132.9 

-H1-.  1 

-137.2 

-138.6 

_____ 

1! 

.300 

-133.9 

-137. 3 

-138.2 

-139.9 

-135.5 

-135.5 

-118.2 

-135.6 

-137.4 

- 

-13  3.9 

-134.8 

-137.6 

-138.0 

r 

1330 

-133.9 

-136.5 

-137.0 

-139.1 

-135.8 

-135.6 

-121.1 

-136.0 

-13S.9 

-133.1 

-133.1 

-137.5 

-137.4 

_ 



1 

2000 

-133.1 

-135.8 

-136.2 

-139.7 

-135.5 

-178.9 

-1.3*  .5 

-136.7 

— 

-132.8 

__ . 

-137.4 

-133;.  6 

___ 

2' 

, 130 

-133.7 

-135.9 

-136.8 

-134.3 

-135.2 

-137.2 

-125.9 

-136.9 

-135.6 

1 10/1  il 

-131.9 

-137.3 

-137.1 

2 

. . M 

-134. 

-136.7 

-135.5 

-139.1 

-139.7 

-136.8 

-126.5 

-136.6 

-136.7 

-137.1) 

-132.6 

-1  34.6 

-137.0 

-137.1 

2 

2i30 

-133.6 

-137.1 

-135.7 

-133.6 

-135.1 

-135.8 

-130.7 

-136.9 

-134  4 
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-137.5 

-134.1 

-136.3 

-135.4 

2 
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-133.9 
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-136.3 
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-135.5 
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-136.2 

-135. 7 

-137.6 

-1  33.6 
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-136.7 

-1.36.7 

2 
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-133.6 

-138.2 

-137.1 

-139.5 
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-131.5 

-136.6 
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-135.9 
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-139. 3 



2 
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-138.5 

-138.2 

-135.1 

-135.8 

-138.3 
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-135.6 
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-137.8 
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-136.3 

-137.7 
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-139.2 

-139.3 
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-136.3 

-137.7 

-139.6 
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-1  38 

7 

-137 

7 

-137 

2 

-136 

.7 

- 35.5 

-136.7 

-135.9 

-133 

9 

-134 

7 

-136.0 

-135.9 

2000 

-i  *> 

4 

-138 

7 

- - 

-1  38 

4 

-136 

9 

-137 

8 

-137 

.1 

-.35.6 

-136.7 

-135.6 

-133 

ft 

-134 

7 

-134.8 

-1*5.8 

2030 

-13* 

9 

- 1 37 

9 

- 

-139 

2 

-136 

6 

-137 

7 

-135 

.9 

36.4 

-136.6 

-134.2 

-134 

3 

-135 

1 

-1  34,  S 

-135.8 

2100 

-137 

-137 

9 

- 

-140 

0 

-1  37 

0 

-136 

2 

-135 

.7 

--35.5 

-1*6.5 

-134.0 

-134 

0 

-134 

2 

-134.1 

-135.7 

2130 

-1  35 

8 

-136 

8 

. 

-139 

9 

-137 

1 

-136 

3 

-137 

.0 

-.35. 1 

-i 36.6 

-136.0 

-135 

0 

-134 

4 

-134.1 

-135.6 

2200 

-137 

i 

-135 

6 

_ 

- 139 

9 

-137 

0 

-136 

H 

-138 

.6 

- 15.5 

-136.8 

-136.7 

-136 

2 

-135 

5 

-135.3 

-136.1 

2230 

-1  *7 

0 

-137 

9 

-138 

9 

-137 

4 

-137 

6 

-139 

.1 

-.35.8 

-138.7 

-1  17.4 

-137 

2 

-136 

1 

-136.6 

-136.7 

2300 

-138 

6 

-138 

i 

- 

-139 

6 

-138 

c 

-136 

1 

-138 

6 

-138.  i 

-139.  1 

-137.5 

-137 

9 

-138 

2 

-136.8 

-137.5 

2330 

-137 

7 

-1  38 

6 

— 

-140 

3 

-1  39 

7 

-1  34 

4 

-138 

9 

-1  38.6 

-J39.4 

-138.  5 

-140 

0 

-137. 

9 

-1  37.7 

-1 38.2 

. 4 
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Table  4.  November  197(>  Connecticut  76  Hz  bffectivt 


GMT 

n/i 

11/2  • 

11/3 

11/4 

11/5 

11/6 

11/7 

11/8 

11/9 

11/18 

11/19 

11/70 

11/71 

11/22 

0000 

-138.1 

-140.1 

-141. 3 

-141.5 

-1 39.6 

-137.5 

-135.1 

-141.1 

-139. 

-138.9 

-141.7 

-139.5 

-140.1 

• ]_4. 

0030 

-138.9 

-140.4 

-141.5 

-141.0 

-138.8 

-138.2 

-134.7 

-140.8 

-139.4 

-139.7 

-141.1 

-139.0 

-140.5 

-lu.  . 

0100 

-139.2 

-140.0 

-141.6 

-140.8 

-139. 1 

-138./ 

-137.0 

-140.9 

-140.1 

-140.1 

-141.7 

-139.7 

-140.7 

-lu;  .• 

0130 

-138.7 

-140.0 

-140.9 

-141. 3 

-139.5 

-139.0 

-134.3 

-140.1 

-139.7 

-140.9 

-141.9 

-139.6 

-140.6 

-142. * 

0200 

-139.8 

-141.4 

-141.0 

-142.0 

-139.*7 

-138.4 

-132.2 

-140. 3 

-140.5 

-141.0 

-141.8 

-139.7 

-119.9 

-14?. S 

0230 

-140.7 

-141.8 

-142.2 

-142.1 

-140.6 

-139.1 

-135. J 

-141.4 

-141.1 

-140.8 

-141.7 

-139. 4 

-141.5 

-142.1 

0300 

-140.3 

-142.0 

-1‘  3.7 

-141.9 

-139.2 

-139.8 

-138.0 

-141.7 

-141.2 

-140.9 

-140.7 

- 1 36 . 8 

-141.; 

-143.4 

0330 

-140.6 

-141.0 

-141.0 

-140.9 

-140. 7 

-139. 9 

-1 3° . 9 

-140.0 

-141.0 

-141.9 

-140.6 

-1 37.8 

— 1 4 ' g 

-lu  i. 

0400 

-139.3 

-140.0 

-140.5 

-140.1 

-140.6 

-139.6 

-138.7 

-140.8 

-140.7 

-140.6 

-140.0 

-138.1 

-14l!? 

-143. 

04  30 

-139.6 

-140.6 

-141.0 

-140.7 

-138.7 

-137.5 

-140.2 

-140.2 

-141.1 

-149.1 

-138.7 

-141.8 

-1**3.  ' 

osro 

-139.8 

-140.1 

-141.2 

-141.4 

-139.2 

-H7. R 

-140.8 

-140.6 

-140.3 

-14'  . . 

-137. 3 

-146.4 

-143. 1 

0510 

-139.8 

-139.1 

-139.7 

-140.9 

-138.6 

-140.2 

-138.7 

-140.8 

-141.0 

• 1.9 

-140.7 

-137. 3 

-141.7 

— 144 . ; 

06  00 

-139.0 

-139.0 

-139.2 

-140.8 

-139.1 

-139.9 

-138.8 

-140.5 

-140.6 

-140.5 

-149.0 

-137. 5 

-141.6 

-1*3.” 

06  30 

-138.6 

-138.  3 

-138.7 

-139.2 

-139.8 

-139.0 

-139. 1 

-140.7 

-140.4 

-140.3 

-140.0 

-137.6 

— 1 4 1 . 1 

-.44,1 

0700 

-139.4 

-138.4 

-137.1 

-139.8 

-139.1 

-139.5 

-139.4 

-139.7 

-140.1 

-140.1 

-140.5 

-137. S 

-141.5 

-1*4... 

07  30 

-139.9 

-139.6 

-137.6 

-139.8 

-138.6 

-139.0 

39.8 

-139.7 

-140.1 

-140.3 

-138.0 

-141.1 

0800 

-139.3 

-139.7 

-139.6 

-138.2 

-139.9 

-140.8 

-141.0 

-140.6 

-139.9 

-140.4 

-138. 3 

-1- 9.9 

-144. ; 

' 9 30 

-139.5 

-140.7 

-139.7 

-139.8 

-138.6 

-139.8 

-140.4 

-140.9 

-141.9 

-140.7 

-140.4 

-1 38.8 

-141.6 

-lu  3.  " 

\ * 

-139.1 

-141.7 

■ .7 

-139.2 

-139.8 

-140.4 

-139.2 

-140.7 

-142.0 

-139.3 

-140.0 

-1 38.8 

-191.7 

-143. 

330 

-140.3 

-140.5 

-139.7 

-138.9 

-140.4 

-141.0 

-138.9 

-139.9 

-141.7 

-141.  3 

-141.1 

-139.7 

-141. 

1000 

-141.1 

-141.3 

3 J.9 

-140.5 

-141.0 

-140.1 

-137.9 

-139.6 

-142.0 

-147.1 

-141.1 

.140.4 

* . • 

1030 

- ; •*  1 j . i 

-141.6 

-140.4 

-140.6 

-140.1 

-140.3 

-139.2 

-140.4 

-141.2 

-147. 3 

-141.4 

- • . • 

-140.8 

— 1 1* 

-14  .0 

-14l. 0 

-14  . 

-140.8 

-138.7 

-141.0 

-139.5 

-140.4 

-141.5 

-141.9 

...  . 

- 

-141. 1 

- ; ..  i . • 

-139. 1 

-140.9 

-139.8 

-140.2 

-138.8 

-140.4 

-139.2 

-140.2 

-141.9 

-141.8 

-140.8 

38.8 

-141.6 

.6 

-138.8 

-139. 1 

-139.2 

-139.1 

-140.1 

-139.1 

-139.4 

-142.1 

-141.0 

-139.8 

436. 

- . . 

. 3 

-139.2 

-139.9 

-139.2 

-139.0 

-138.8 

-139.8 

-138.3 

-139.0 

-140.2 

-141.0 

-139. 

-1 37. 9 

-lu  '.7 

i 300 

-138.9 

-139.5 

-140.4 

-140.4 

-138.6 

-139.0 

-1  38. 

-139.  1 

-141.2 

-140.7 

-139. 3 

-1 37.  . 

-139.8 

- 

13  30 

— 

— 

-139.8 

-138.8 

-137.7 

-139.1 

-138.4 

-138.6 

-141.0 

-139.5 

■ 14  0.  7 

-1 38.  / 

- 1 19. 

.♦  '0 

-138.3 

— 

-139.6 

-139.6 

-137.2 

-138.8 

-137.9 

-139.0 

-140.9 

-119.9 

— 140 . 

- ' 3'7  J 

— 1 4 .7 

-1 37.8 

— 

-138. 3 

-139.0 

-137.4 

-137.7 

-137.7 

-138.1 

-141.0 

-140.1 

-139. M 

-; 37. 9 

-14  . . 

lb  00 

— L 3 7.4 

— 

-136.7 

-137.5 

-137.0 

-137.4 

-137.8 

-137.8 

-139.8 

-14“. 

-139.8 

- . *8 . 

-’.4  . 

— 

’ 5 30 

-1 37. 9 

— 

-136.4 

-136.1 

— 

-137.1 

-137. 3 

-139.7 

-139.7 

-1 34. ' 

-138,1 

-.49. 1 

.. 

1600 

-137.1 

— 

-135.9 

-136.5 

— 

-137.8 

-137.; 

-136.4 

-138.6 

-134.7 

-138.4 

-H9.7 

-141. 1 

1630 

-135.7 

— 

-136.3 

-136.6 

— 

-137.5 

-137.5 

-136.9 

-138.6 

-139.  3 

-1 39.1 

- U 

-139.7 

-140.9 

17Q0 

-135.7 

— 

-135.3 

-138.3 

-135. 1 

-136.8 

-137.8 

-136.7 

-139.1 

-118.5 

- . 38 . 6 

-137.6 

-137.1 

-lu  . • 

1730 

-135.1 

— 

-135.0 

-137. 3 

-135.8 

-136.9 

-137.2 

-136. 3 

-1 38.6 

-1  <8.  . 

-136. 8 

-119.0 

-140.8 

1900 

— 

-135.2 

-1 J7.7 

-135. 5 

-135.4 

-136.8 

-136.4 

- 1 38 . 0 

-138.  1 

-1 37. 8 

-136. 5 

-139.0 

-140.8 

1930 

-136.8 

— 

-136.6 

-138.4 

-135.3 

-135.0 

-137.4 

-136.0 

-137.9 

-137.6 

-137. 

-13S. 7 

-119.6 

-141.2 

1300 

-135.9 

— 

-136.5 

-1  38.  1 

-135.2 

-134.5 

-137.6 

-136.7 

-136.8 

-137.3 

-136.5 

-136.7 

-139.7 

-141.2 

1930 

-135.9 

— 

-135.5 

-136.0 

-135.5 

-134.4 

-137.8 

-136.7 

-135.8 

-136.8 

-136.5 

-135.4 

-119.2 

-140.7 

7000 

-134.8 

— 

-135.0 

-135.4 

-136.4 

-133.5 

-137.7 

-135.9 

-138.0 

-137. 3 

-137.1 

-136.9 

-119.7 

-140.9 

2030 

— 

-136.2 

-136.3 

-135.2 

-133.2 

-137.0 

-135.2 

-138.7 

-137.2 

-136.7 

-137.? 

-139.5 

-141. 1 

2100 

-134. 9 

— 

— 

-135.8 

-134.1 

-132.5 

137.8 

it..  6 

-137.7 

-137.1 

-136.4 

-137.5 

-139.8 

-141.6 

2130 

-134.  3 

-136.1 

— 

-136.8 

-134.0 

-1  34.  3 

-138. 3 

-1 37.4 

-137.4 

-138.0 

-137.9 

-138.0 

-140.1 

-142. c 

2200 

-136.8 

-138.0 

-135.0 

-135.4 

-135.7 

-139.0 

-137.9 

-138.6 

-1 39.2 

-137.8 

-138.7 

-141.3 

-141.5 

2230 

-136.'. 

-139.1 

-138.0 

-136.8 

-136.8 

-136.7 

-139.3 

-1 38.8 

-138.9 

-140.2 

-138. 

-138.6 

-141.9 

-lul.6 

2300 

-137.9 

-138.7 

-138.9 

-138.5 

-137.4 

-135.9 

-138.9 

-138.4 

-139.8 

-140.6 

-139. r 

-139.6 

-140.9 

-142.4 

2330 

-139.2 

-139.6 

-140.0 

-139.2 

-136.8 

-135.2 

-139.6 

-138.8 

-141.1 

-140.8 

-139.5 

-140.6 

-142.2 

- 1 u ? , 6 

ik  r»f)«i 
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preamplifier  nut  assoc  i.it  ed  circuitry)  was  a strong  source  of  40  and  71  Hz 
interference  (i.e.,  HO  Hz  + 11  Hz).  Thus,  during  that  period  the  effective 
noise  measurements  wore  contaminated  by  industrial  noise.  The  measured 
(contaminated)  effective  noise  from  late  November  to  mid- January  was  -138  to 
-140  dBH,  with  little  or  no  diurnal  variation. 

However,  from  17  to  27  January  1977,  the  49  and  71  Hz  interference  levels 
decreased  considerably.  The  76  average  effective  noise  levels  measured  dur- 
ing this  period  versus  (.Ml  are  plotted  in  figure  II.  As  expected,  the  minimum 
levels  occurred  around  local  sunrise.  However,  the  maximum  levels  occurred 
during  most  of  the  total  daytime  period  (i.e.,  from  1300  to  2200,  -144.5 

+ 0.5  dBH).  Furthermore,  the  average  diurnal  variation  was  only  2.^5  dB  (-144 
to  -146.5  dBH)  as  compared  with  the  5 dB  measured  during  the  fall  of  1976  (see 
f i gure  10) . 

DISCUSSION 

The  median  level  of  76  Hz  effective  noise  level  measured  in  Greece  (which 
is  about  the  same  latitude  as  Connecticut)  and  Saipan  (which  is  at  a lower 
latitude)  during  10  days  in  Nay  1972  was  -142  dBH.3  Referring  to  figure 
10,  we  see  that  the  median  level  of  N'eff  measured  in  Connecticut  during  the 
fall  of  1976  was  -139  dBH.  Previous  measurements  of  N0  in  Malta  and 
Guam'  indicated  that  the  median  level  of  N'0  was  3 dB  lower  in  the  spring 
than  in  the  fall.  Recent  measurements  in  Connecticut  indicate  that  Neff  is 
also  3 dB  lower  in  the  spring  than  in  the  fall.  Thus,  it  appears  that  the 
fall  Connecticut  Neff  measurements  are  in  good  agreement  with  the  spring 
Saipan  and  Greece  measurements. 

The  median  level  of  Neff  measured  in  Connecticut  during  16  days  in 
August  was  -134  dBH  (see  figure  1),  which  is  5 dE  higher  than  the  median 
level  measured  in  the  fall.  This  is  consistent  with  the  1975  data  taken  in 
Norway  by  Davis  and  Meyers.4  Their  results  indicate  that  the  summertime 
effective  noise  was  6 to  10  dB  higher  than  at  other  times  of  the  year. 

During  11  days  in  January  1977,  the  (possibly  contaminated)  median  level 
of  the  Connecticut  Neff  was  -145  dBH,  which  is  11  dB  lower  than  the 
median  level  of  Neff  measured  during  the  summer.  This  is  also  consistent 
with  the  Davis  and  Never  Norway  results,4  where  the  difference  between  the 
summer  and  winter  Neff  levels  was  10  dB. 

As  an  example  of  the  latitude  dependence  of  ELF  effective  noise,  the 
difference  between  the  median  levels  of  effective  noise  measured  in  Connecticut 
(midlatitude)  and  Norway  (northern  latitude)  was  5 to  6 dB  in  both  the 
summer  and  winter  and  approximately  10  dE  in  the  fall. 

CONCLUSIONS 

Since  August  1976,  76  Hz  effective  noise  measurements  have  been  taken 
in  Connecticut.  The  Ef.F  nonlinear  processing  receiver,  located  in  New  London, 
Connecticut,  is  connected  to  the  receiving  loop  antenna,  located  at  Fishers 
Island,  New  York,  via  a microwave  link. 

The  median  level  of  the  measured  effective  noise  was  -134  dBH  during 
the  summer,  -139  dBH  in  the  fall,  and  -145  dBH  in  the  winter.  The  average 


.4. 


13 


IR  5(>K1 


diurnal  variation  was  1 to  6 dli,  although  diurnal  variations  of  13  to  23  di 
wore  observed  on  three  separate  occasions.  'Hie  minimum  values  of  Neff  were 
measured  around  local  sunrise,  and  the  maximum  values  were  measured  I to  2 
hours  before  local  sunset. 

The  highest  levels  of  measured  were  -118  dill!  (on  ° October)  and 

-12A  to  -126  dBIl  (on  15  July  and  13-15  and  26  August);  the  lowest  level  of 
Neff  measured  was  -1^8  dBH  (on '25  January  1077). 

Based  on  the  limited  amount  of  Neff  measurements  taken  in  Connecticut 
to  date,  it  appears  that  there  are  definite  midlatitc.de  seasonal  and  diurnal 
variations  in  El.F  effective  noise  levels.  Comparing  the  Connecticut  data  with 
data  taken  in  Norway  indicates  that  FIF  effective  noise  is  also  latitude 
dependent . 
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Figure  A.  September  1976  Connecticut  76  Hz  Average  Effective  Noise  Levels 
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Figure  5.  26  September  1976  Connecticut  76  Hz  Effective  Noise  Levels 

Versus  GMT 
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